Abstract-Biochemical mechanisms underlying the development of alcoholic fatty liver were investigated.
Abstract-Biochemical mechanisms underlying the development of alcoholic fatty liver were investigated.
Acute ethanol (EtOH) administration for 3 days by an inhalation method, and continuous EtOH treatments by feeding with liquid diet or drinking water containing EtOH induced a significant increase of hepatic triglycerides (TG). A small but significant increase of TG was also observed in the blood serum.
Although hepatic acetyl CoA carboxylase activity, measured in the presence and absence of citrate, was not altered by either acute or chronic EtOH administrations, fatty acid synthetase and malic enzyme activities in the liver were increased by continuous EtOH administration, but not in the acutely EtOH-treated animals. The incorporations of [14C]palmitate and [14C]acetate into hepatic RG were also increased significantly in animals treated continuously with EtOH. The lipoprotein lipase activity in adipose tissues was activated by both acute and continuous EtOH treatments, whereas lipase activity in adipose tissues and the epinephrine-stimulated and cyclic AMP-mediated release of free fatty acid (FFA) from this tissue were not altered by these treatments.
These results indicate that acute alcoholic fatty liver is caused mostly by the increased mobilization of FFA from peripheral adipose tissues via the activation of lipoprotein lipase, whereas alcoholic fatty liver induced by continuous EtOH administration involves the increased synthesis of FFA due to the activation of fatty acid synthetase and malic enzyme in the liver in addition to the increased mobilization of peripheral FFA.
Acute
and chronic administrations of ethanol (EtOH) or alcoholic beverages induce alcoholic fatty liver which is mainly caused by the accumulation of triglycerides (TG). The proposed biochemical mechanisms (1, 2) underlying these changes include the increased mobilization of peripheral fats, decreased release of lipoprotein from the liver, decreased lipid oxidation in the liver, and enhanced hepatic lipogenesis.
Since the fatty acid composition of accumulated TG in the acutely EtOH-treated liver is similar to that of TG in adipose tissues, the mobilization of peripheral fats may be responsible for the formation of alcoholic fatty liver (3, 4) . On the other hand, it has been demonstrated that a significant increase in hepatic lipoge nesis occurs in chronically EtOH-treated animals (4, 5) .
In addition, a significant increase of the activity of hepatic L-a glycerophosphate acyltransferase, which catalyzes the formation of fatty acyl-CoA which yields TG, has been reported to occur following chronic administration of EtOH (6 
MATERIALS AND METHODS
The male STD-ddY mice weighing 20-30 g were fed an ordinary lab chow (Oriental MF).
EtOH administration: For the acute admin istration of EtOH, we gave an i.p. injection of EtOH (4 g/kg) or the inhalation of EtOH vapour for 3 days. The latter was performed according to the method of Goldstein (7) except that the daily dose of pyrazole was altered to 34 mg/kg, i.p. EtOH vapour was passed through a chamber (52 x 34x 27 cm) at the rate of 60-84 mg EtOH/min. For continuous administration of EtOH, the liquid diet method (8) with a slight modification or the administration of EtOH with drinking water was used. The EtOH-containing liquid diet was made by the substitution of dextrin maltose with isocaloric EtOH to the extent of thirty percent of total calories in the control liquid diet. The mice on the liquid diet were also given 17 mg/kg, i.p. of pyrazole every two days, and ingested 278-633 mg/day of EtOH. The EtOH administration with drink ing fluid was performed using fifteen percent EtOH in distilled water.
These animals ingested 690-750 mg EtOH/day, and ate essentially the same amount of lab chow as did the control animals (Control versus EtOH-treated = 3.3 4.5 : 2.7 4.2 g/day/ mouse).
Determination of lipids: Lipids were extracted from the serum and liver according to the method of Folch et al. (9) . After separating and evaporating the lipid layer, the residue was weighed and subjected to the determination of total lipids. The redissolved samples in chloroform were also used for the determinations of triglycerides (10), free fatty acids (11) , phospholipids (12, 13) and cholesterol (14) After iodine sublimed, the area containing TG was scraped off and extracted twice with chloroform-methanol (2:1). The extract was filtered and evaporated to dryness in a counting vial. After adding toluene-Triton scintillation fluid, the radioactivity was determined using a Packard Tri-Carb liquid scintillation spectrometer Model 3390. The total radioactivity in the liver was also determined after solubilizing the tissues with Protosol® and adding toluene-Triton scin tillation fluid.
Assay of enzyme activities: The liver was homogenized with 0.1 M potassium phosphate buffer (pH 7.3) containing 1 mM EDTA and was centrifuged for 20 min at 14,000xg.
The resultant supernatant was used as the enzyme preparation for the assay of acetyl CoA carboxylase and fatty acid synthetase activities. Acetyl CoA carboxylase activity was measured according to the method of Alberts et al. (17) . In the presence or absence of 10 mM sodium citrate, the enzyme preparation was incubated Final assay volume was 500 pl. The reaction was terminated by the addition of 25 /I of 70% perchloric acid, and the reaction mixture was diluted with 0.5 ml of absolute ethanol.
Resultant long chain fatty acids were extracted three times with petroleum ether. After the evaporation of the solvent, toluene-Triton scintillation fluid was added for the measurement of radioactivity.
Malic enzyme activity was measured by the method of Wise and Ball (19) .
The liver was homogenized with 0.25 M sucrose, and was centrifuged at 40,000 x g for 10 min. The resultant supernatant was used as the enzyme preparation, and the enzyme activity was determined spectrophotometrically at 25'C by measuring the rate of NADPH formation. (-20°C) in a glass homogenizer, and the powder obtained by rapid filtration of the homogenate was washed with ethyl ether. The enzyme was extracted by incubating the acetone powder for 60 min at 0°C with 25 mM ammonia solution, and followed by centrifugation at 2,000 x g for 10 min. The supernatant thus obtained was used for the measurement of LPL activity.
The supernatant was incubated in 0.3 M Tris-HCI buffer (pH 8.1) containing 1.5% bovine serum albumin for 60 min at 37°C with Intralipid® as a substrate which was activated by the incubation with rat serum for 30 min at 37'C.
The enzyme activity was determined by measuring free fatty acids formed by the same procedure as used for the measurement of lipase activity. Measurements of hormone-stimulated lipolysis:
Epididymal adipose tissues (ap proximately 200 mg) were chopped into pieces and were washed with Krebs-Ringer Tris HCI (16.8 mM) buffer. The adipose tissues were loosely packed with a nylon mesh, and incubated in 1 ml of Krebs-Ringer Tris HCI buffer (pH 7.4) containing 10 mg of bovine serum albumin. Each flask containing these tissues was shaken at the rate of 88 strokes per min at 37'C for 90-120 min. The released free fatty acids into the medium were extracted and measured by the method of Kushiro et al. (11) . Data analysis: The Student's t-test was used for statistical analysis of the results. Table 1 . Although no significant effect was noted in the injected groups, the animals which inhaled EtOH for 3 days showed a significant increase of triglycerides (TG) in the liver. Similarly, a significant increase of hepatic TG was observed following con tinuous oral administration of an EtOH containing liquid diet for 1 and 2 weeks, or EtOH containing water for 15 days (Table 2 ). In addition, there were slight but significant increases of cholesterol in the liquid diet administered group (2 weeks), and of phos pholipids and free fatty acid (FFA) in the group given EtOH with drinking water (15 days). The TG content in serum was not affected by the EtOH inhalation for 3 days, but showed a significant increase in con tinuously EtOH-treated groups (in both groups given EtOH by the liquid diet and drinking water methods (Table 3) . In contrast to a significant increase of serum TG content in continuously EtOH-treated group, no statistically significant alteration in serum FFA was noted. Although the pharmacological significance of this differ ential effect is unclear at present, it may be possible that the synthesis of TG from FFA is facilitated by continuous EtOH treatment and thus the increase of serum FFA is not detected under these experimental conditions. In fact, the increased incorporations of [14C] acetate into hepatic and serum TG as well as the increase in esterification of fatty acid to form TG (Fig. 3) were also observed in these animals. contents, the effect of EtOH administration on enzyme activities involved in fatty acid synthesis in the liver was investigated. It has been reported that acetyl CoA carboxylase is a key regulatory enzyme in fatty acid synthesis, and citrate is an allosteric activator for this enzyme (22) .
It is also well known that NADPH generated by malic enzyme is an important source for maintaining the activity of fatty acid synthetase (19) . (Fig. 1 ) and malic enzyme (Fig. 2) activities, respectively.
I n contrast with these enzymatic changes in the liver from con tinuously EtOH-treated animals, no increase of hepatic fatty acid synthetase ( Fig. 1 into liver and serum TG was measured in order to determine the effect of EtOH adminis tration on fatty acid esterification to form TG and on the release of liver TG into the blood stream (Fig. 3) . Effect of acute and continuous adminis trations of EtOH on free fatty acids (FFA) mobilization from adipose tissues: It has been reported that the release of FFA from peri pheral adipose tissues occurs from three different sources (23, 24) : endogenous FFA, FFA derived from hydrolysis of TG by lipase, and those by lipoprotein lipase (LPL). As shown in Fig. 4 , acute and continuous administrations of EtOH induced a significant activation of LPL in adipose tissues, whereas lipase activity in the tissues was not affected. Since the lipase activity in adipose tissues is known to be regulated by cyclic AMP and various horimones capable of inducing the increase of cyclic AMP (25) , the effect of dibutyryl cyclic AMP (Bt2cAMP), theophyl line and epinephrine on the FFA release from adipose tissues was also investigated. Although in the absence of Bt2cAMP or epinephrine the release of FFA from adipose tissues was scanty, the addition of these drugs significantly stimulated the release of FFA (Table 5 ). The acute and continuous administrations of EtOH, however, did not induce any significant change on the Bt2cAMP, theophylline and epinephrine in duced releases of FFA from adipose tissues (Table 5 ). These results suggest that the mobilization of FFA and/or FFA derived from TG by the catalytic action of lipase in various adipose tissues may not be involved in the occurrence of EtOH-induced TG accumu lation in the liver. It is well documented that TG in chylo microns localized at the surface of fat cells are hydrolyzed by LPL to yield FFA. and these FFA are released into the blood stream or re-incorporated into TG in fat cells (23, 24) . Since the LPL activity in adipose tissues was found to be activated significantly following acute and continuous administrations of EtOH, it is possible that the increased hydrolysis of TG in chylomicrons via the activation of LPL in adipose tissues and the resultant increase of FFA mobilization may contribute to the formation of a fatty liver. (3, 4) , whereas the accumulation of fatty acids derived from diet and of newly syn thesized fatty acids in the liver may play a significant role in the establishment of chronic alcoholic fatty liver (4, 5) .
Both acute and continuous administrations of EtOH invariably produce an increase in hepatic triglycerides (TG) and of lipoprotein lipase (LPL) activity in adipose tissues, without altering the activity of lipase and the lipase mediated and cyclic AMP stimulated free fatty acid (FFA) release from adipose tissues. The LPL is an enzyme capable of hydrolyzing TG in chyromicrons localized at the surface of fat cells to yield FFA (24) . Thus, the EtOH-induced mobili zation of FFA from peripheral adipose tissues may be mediated by LPL and mainly derived from TG in chyromicrons. The enzymatic analysis used in this study revealed that the acute administration of EtOH by an inhalation procedure for 3 days induced no detectable changes on hepatic acetyl CoA carboxylase, fatty acid synthetase, and malic enzyme activities. On the other hand, continuous administration of EtOH for 14-15 days in the form of a liquid diet or by adding EtOH to the drinking water invariably induced the activation of fatty acid synthetase and malic enzyme in the liver.
Furthermore, the incorporations of [14C] palmitate and [14C] acetate into hepatic TG were increased in continuously EtOH-treated animals but not in acutely EtOH-treated animals.
These results also suggest that in the liver, increases of the synthesis of FFA and of the esterifi cation of FFA to form TG were induced when EtOH was administered continuously. Since hepatic activity of L-a-glycerophosphate acyltransferase, which catalyzes the first specific reaction in hepatic TG synthesis, was reported to be activated following chronic ethanol feeding (6) , the observed increase of [14C] palmitate incorporation into hepatic TG may be a reflection of this enzyme.
It has been reported that the decrease of the hepatic synthesis and/or release of lipoprotein is a possible cause of the fatty liver induced by ethionine or orotic acid (26) (27) (28) .
In the present study, however, animals bearing the fatty liver induced by acute or continuous EtOH administration showed no decrease of [14C] palmitate or
[14C] acetate incorporation into serum as well as of TG content in serum. Similar results have been reported in the case of KK-AY mice (29) . These results suggest that the impaired outflow of hepatic TG may not be involved in the formation of alcoholic fatty liver. In conclusion, it has been found that acute alcoholic fatty liver is caused mostly by the increased mobilization of FFA from peripheral adipose tissues via the activation of lipoprotein lipase, whereas alcoholic fatty liver induced by continuous EtOH adminis tration involves the increased synthesis of FFA due to the activation of fatty acid synthetase and malic enzyme in the liver in addition to the increased mobilization of peripheral FFA. The molecular mechanisms underlying EtOH-induced activation of hepatic fatty acid synthetase and malic enzyme and of lipoprotein lipase in adipose tissues remain to be elucidated.
